Abstract
Introduction
The last three decades enormous advances in our understanding and developing high-efficiency of X-ray laser with gain [1] [2] by using the mechanism for demonstrating X-ray lasing in resonant photo pumping have been seen. The pump power needed to achieve inversion was extremely high. (ECP) electron collisional pumping has been the most familiar and suitable pumping mechanisms used in soft X-ray lasers [3] . The modeling of astrophysical and laboratory plasmas used c-like ions and their emission lines. Those data for transition mostly lie in the soft X-ray and EUV regions [4] . Energy levels, spontaneous decay rates and oscillator strengths have been calculated by Aggrawal et al. [5] [6], Feldman et al. [7] & Aggrawal et al. [8] for transitions in Ar XIII, Ti XVII & Fe XXI. But no much work has been done to predict the gain of C-like Ar XIII, Ti XVII & Fe XXI theoretically.
In this paper, we calculate energy levels for 69 fine-structure states using a fully relativistic approach based on Dirac equation. Weighted oscillator strengths, spontaneous radiative decay rates are calculated in the single multipole approximation, and collision strengths by electron impact using the factorization-interpolation method are calculated in the distorted wave approximation. Effective collision strengths are calculated by interpolating the data from the collision strengths and integrating over Maxwellian distribution at different temperatures. Rate coefficients are calculated from effective collision strengths using a formula that will be described later in this paper. Then, we predict the reduced population and gain coefficient for C-like Ar XIII, Ti XVII & Fe XXI by a steady state equation in the collisional radiative model after achieving a population inversion between the allowed transition states.
Computation of Gain Coefficient
The possibility of laser emission from plasma of Ar XIII, Ti XVII and Fe XXI ions via electron collisional pumping, in the XUV spectral region was investigated at different plasma temperatures and electron densities.
The reduced population densities were calculated by solving the coupled rate equations [7] - [10] .
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where i g and j g are the statistical weights of the lower and upper levels, respectively. The electron impact excitation rates usually are expressed via the effective collision strengths ji γ as 
where the values of ji γ and ji A are obtained by [11] . The actual population density J N of the th j level is obtained from the following identity [11] , .
where I N is the quantity of ions which reached to the ionization stage I [11] , .
N is the electron density, avg Z is the average degree of ionization and I f is the fractional abundance of the ionization states which can be calculated from the relation [11] . Since the populations density from Equa 
After the calculation of levels population density, the quantities j j N g and i i N g can be calculated. Once a population inversion has been ensured a positive gain through F > 0 [13] is obtained by
where j j N g and i i N g are the reduced populations of the upper level and lower level respectively. Equation (7) has been used to calculate the gain coefficient (α) for Doppler broadening of the various transitions in the Ar XIII, Ti XVII and Fe XXI ion. 1 2 3 . 8π 2π
where M is the ion mass ij λ is the transition wavelength in (nm), i T is the ion temperature in K and j, i represent the upper and lower transition levels respectively.
Results and Discussions

Energy Levels
By using the fully relativistic flexible atomic code (FAC) [14] 
Level Population
The reduced population densities are calculated for 69 fine structure levels arising from 1s , Ti 22+ and Fe 26+ ions. The behavior of level populations density of the various ions (Ar XIII, Ti XVII & Fe XXI) can be explained as follows: in general, at low electron densities the reduced population density is proportional to the electron density, where excitation to an excited state is followed immediately by radiation decay, and collisional mixing of excited levels can be ignored. This result is in agreement with that of Feldman et al. [9] [10] [19] . At high population densities (10 +23 ), radiative decay to all levels will be negligible compared to collisional depopulations and all level populations become independent of electron density and are approximately equal. The 10 +17 electron density shows a peak at before the other levels then decreases to the saturation faster than the other levels, which mean that then on radiative transitions dominant the de-excitation because of its higher energy and fast decay time (see Figures 1-9 ). The population inversion is largest where electron collisional de-excitation rate for the upper level is comparable to radiative decay for this level [9] [19].
Inversion Factor
Laser amplification will occur only if there is population inversion, or in other words, for positive inversion factor F > 0. In order to work in the XUV and X-ray spectral regions, we have selecting transitions between any two levels producing photons with wavelengths between 5˚ and 100˚A. The electron density at which the population reaches corona equilibrium approximately equals to A/D, where A is the radiative decay rate and D is the collisional de-excitation rate [13] . The population inversion is largest where the electron collisional de-excitation rate for the upper level is comparable to the radiative decay rate for this level.
Gain Coefficient
As population inversion will be positive in laser medium. Equation (8) has been used to calculate gain coefficient for the Doppler broadening of various transitions in the Ar XIII, Ti XVII & Fe XXI ions. For F > 0 transition having positive inversion with the maximum gain coefficient in cm −1 . The maximum gain was calculated and plotted against electron density Figures 10-18 these short wavelength laser transitions can be produced using plasmas created by optical lasers as the lasing medium.
For Ar XIII, Ti XVII & Fe XXI ions the rates for electron collisional excitation from the 1s 2 2s 2 2p2 ground state to the 1s 2 2s 2 2p 3l (l = s, p, d) configuration are greater than the rates for excitation from the ground state to the 1s 2 2s 2 2p 4l state. For electron densities and electron temperatures that are typical of laboratory highdensity plasma sources this agreement with Feldman et al. [9] , such as laser-produced plasmas, it is possible to create a quasi-stationary population inversion in this ion.
Under favorable conditions large laser gains for this transition in the XUV and soft X-ray regions of the spectrum can be achieved in the carbon-like Ar XIII, Ti XVII & Fe XXI ions from our calculation. The gain calculations were performed at various electron temperatures and at various electron densities. It is obvious that the gain increases with the temperature. The results have suggested the following laser transitions in the Ar XIII, Ti XVII & Fe XXI plasma ions, wavelength, radiative life time of the upper and lower laser levels in the possible laser transitions and maximum gain coefficient at various temperatures presented in Tables 7-9 , as the most promising laser emission lines in the XUV and soft X-ray spectral regions.
Radiative Life Time
The lifetimes are determined almost entirely from the allowed and the strong inter combination transitions. The radiative lifetime j τ of an excited atomic state j, is related to the atomic transition probability ji A by:
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where the sum is extended over all the lower states which can be reached from the upper state by radiative decay. 16  17  18  19  20  21   7  8  9  13  16  17  18  19  23 Reduced population
Log N e Figure 2 . Reduced population of Ar +18 levels after electron collisional pumping as a function of the electron density at temperature 400 eV. 16  17  18  19  20  21   7  8  9  13  14  16  17  18  24 Reduced population
Log N e Figure 5 . Reduced population of Ti +22 levels after electron collisional pumping as a function of the electron density at temperature 500 eV. Tables 7-9 contains the present results of radiative lifetime for the upper and lower laser levels for the (Ar XIII), (Ti XVII) and (Fe XXI).
Conclusion
In this work the analysis that has been presented shows that electron collisional pumping (ECP) is suitable for attaining population inversion and offers the potential for laser emission in the spectral region between 30 and 111˚A from the Ar XIII, Ti XVII & Fe XXI ions. This class of lasers can be achieved under the suitable conditions of pumping power as well as electron density. If the positive gains obtained previously for some transitions in the ions under studies (Ar XIII, Ti XVII & Fe XXI ions) together with the calculated parameters could be achieved experimentally, then successful low-cost electron collisional pumping XUV and soft X-ray lasers can be developed for various applications, and the most promising laser emission lines in the XUV and soft X-ray spectral regions.
